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ABSTRACT
An assessment of heavy metal concentration in wild-captured Macrobrachium rosenbergii (giant 
freshwater prawns) from their natural habitat is important since it is susceptible to environmental 
pollution due to the rapid development and human activities along the Sarawak River. This study aimed 
to estimate the heavy metal contamination in muscles, exoskeletons and gills of the M. rosenbergii and 
to estimate the health risk assessment to human consumption. The concentration of heavy metals was 
analyzed by the flame atomic absorption spectrophotometer and the flow injection mercury system. 
The metal concentrations in prawns were detected in the following order: Hg < Cd < Co < Cu < Zn; 
in all body parts (P < 0.05), where a high concentration of metals was recorded in gills due to its 
function as the excretion site of contaminants from the body. A positive correlation of Co, Cu, and Zn in 
muscles and gills was observed with the increasing size of prawns.  The human health risk assessment 
indicated a less potential adverse health effect of prawns for consumption from Sarawak River (hazard 
index values < 1). All samples contained metals below the Joint FAO/WHO Expert Committee on Food 
Additives (JECFA) permissible limit for human consumption (Cd < 2 mg/kg; Cu < 30 mg/kg; Zn < 
150 mg/kg; Hg < 1 mg/kg). Therefore, M. rosenbergii from the Sarawak River were not contaminated 
enough to prevail high risk on human health, but regular monitoring is suggested for seasonal variability 
of heavy metals in M. rosenbergii for safeguarding human health.   
INTRODUCTION
Heavy metal contamination has got serious attention 
worldwide due to the increase in agricultural, industrial 
and fisheries activities, domestic wastes and technological 
usage (Aytekin et al. 2019, Mostafiz et al. 2020). The fast-
growing population in Kuching (the capital city of Sarawak, 
Malaysia) has seen the increasing water demand, resulting 
in poorly treated effluents, the main generator of the ‘black 
and grey waters’ flowing into the Sarawak River. The ‘black 
water’ refers to wastewater from septic tanks and ‘grey 
water’ is the water discharge from kitchens, bathrooms and 
washing areas (Natural Resources and Environmental Board 
Sarawak 2017). Both ‘black and grey waters’ effluents may 
contribute heavy metals to the environment (Eriksson et al. 
2010). Moreover, water quality in the Sarawak River was 
classified as Class III with a low concentration of heavy 
metals (Natural Resources and Environmental Board 2001). 
However, the concentration of heavy metals such as mercury 
(Hg), cadmium (Cd), lead (Pb) and zinc (Zn) was found 
considerably high in sediment, which was potentially toxic to 
sensitive organisms (Natural Resources and Environmental 
Board 2001). 
Heavy metals from the effluents can stay for a long time 
in aquatic environments, such as rivers, then can contaminate 
aquatic organisms and enter the food chain, subsequently 
creating significant health risks and economic costs for 
residents (Yunus 2020, Aytekin et al. 2019). As heavy 
metals are non-biodegradable, they can accumulate in water 
and sediment, and can be transferred to living organisms 
such as fish and crustaceans (Mostafiz et al. 2020), through 
bioaccumulation and biomagnification. Fish and crustaceans 
that stay at the higher trophic levels of the food chains are 
considered to be one of the important groups for transferring 
heavy metals to humans. The prolonged consumption of 
heavy metals may lead to severe effect on living organisms. 
Hg is known as a deadly and accumulative poison even when 
consumed in small quantities, and capable of deadening 
nerve receptor in humans, thus considered as a public 
health problem. Cd is a highly toxic metal and accumulates 
primarily in liver and kidney of mammals through the 
food chain. Exposure of cobalt (Co) to Macrobrachium 
rosenbergii may reduce the female fecundity (Stalin et 
al. 2019). Although Copper (Cu) involves in the prawns’ 
oxygen-carrying pigment haemocyanin, it may also cause 
poisoning to humans. Poisoning by Cu and Zn may cause 
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gastrointestinal disorders, diarrhoea, stomatitis, tremor, 
depression, vomiting and ataxia (Anani & Olomukoro 2018). 
The development of the waterfront in Sarawak River may 
give negative impacts on the aquatic organisms such as M. 
rosenbergii or locally known as giant freshwater prawn. M. 
rosenbergii were commonly served as regional and local 
fisheries importance, and economic values since they meet 
the high demand of protein source and have high domestic 
and export potential (Banu & Christianus 2016). This species 
is abundant in Sarawak River and can be wild-captured by 
local fishermen. However, rapid urbanization along the 
Sarawak River may increase the contamination of heavy 
metals in the water and sediment. Moreover, there is still 
no study on the heavy metal contamination in the wild M. 
rosenbergii particularly in Sarawak River. Contamination of 
this type of prawn with heavy metals may give a potential 
risk to human health.  Therefore, this study sought to (1) 
quantify the contamination level of heavy metals (Cd, Co, 
Cu, Zn, Hg) in M. rosenbergii from the Sarawak River, and 
(2) calculate the health risk assessment to humans upon 
consumption of contaminated prawns.
MATERIALS AND METHODS
M. rosenbergii were captured using the fishing rod from 
the Sarawak River on 12th October 2016 at the longitude 
01°33’40.3” N and latitude 110°20’34.0” E (Fig. 1). Surface 
sediment samples were collected by the plastic corer. All 
samples were then stored in the zipper polyethylene bags, 
labelled properly and placed in the cooler box with ice during 
the transportation to the Aquatic Chemistry Laboratory. The 
total wet weight and the total length of the individual prawn 
were recorded before the dissection (Table 1).  In the labo-
ratory, prawn and sediment samples were kept at -20°C in a 
freezer. The mature male and female M. rosenbergii can be 
identified by observing their second pleopod, as explained 
in detail in Idrus et al. (2018).
The dissected muscle, exoskeleton, and gill were weighed 
and dried in the oven at 60°C until it achieved a constant 
weight to ensure it was completely dry. About 80% weight 
differences were recorded between wet and dried samples, 
due to moisture loss during the drying process. Before the 
digestion process, dried samples were ground to powder 
form using the mortar and pestle. The digestion process was 
done by heating 0.2 g of the sample in 5 mL of concentrated 
HNO3  (Tu et al. 2008) on the hot plate until the solution turns 
clear (Idrus et al. 2018). Sediment samples were air-dried 
and ground before digestion using the aqua regia method as 
in Hseu et al. (2002) by heating on a hot plate. All samples, 
including the standard solutions, were pre-concentrated by 
using the multielements pre-concentration step by solid phase 
extraction using iminodiacetate chelating resin (Toyopearl 
AF Chelate-650M) method as described in Idrus et al. (2018), 
before analyzing the heavy metal concentrations. Cd, Co, 
Cu and Zn were analyzed by Flame Atomic Absorption 
Spectrophotometer (FAAS; Thermo Scientific iCE 3500), 
and Hg by the Flow Injection Mercury System (FIMS; 
Perkin Elmer-FIMS 400). All readings were determined in 
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Fig. 1: Sampling site for M. rosenbergii in Sarawak River.  
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Fig. 1: Sampling site for M. rosenbergii in Sarawak River. 
Table 1: Total length and total weight of M. rosenbergii samples (n = 21). 





Female 13 Mature 14.32 ± 1.86 26.11 ± 9.10
Male 8 Mature 17.45 ± 2.81 59.55 ± 3.50
There were significant differences between female and male prawns (p< 
0.05) total length and total weight.
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performed with r2 between 0.9937 and 0.9996. In this study, 
the certified reference materials (CRMs) from the National 
Research Council Canada of LUTS-1 (non-defatted lobster 
hepatopancreas) were used for M. rosenbergii samples and 
MASS-4 was used for sediment samples. CRMs analyses 
were followed the same methods as for prawn and sediment 
samples.
The survey of daily consumption of M. rosenbergii was 
done by questionnaire to the local residents (n = 100) that 
live close to Sarawak River. The summary of the survey is 
given in Table 2. All respondents got the prawns from the 
Sarawak River, either by catching themselves or bought from 
other fishermen who caught them from the Sarawak River. 
The daily intake of metal (DIM) was calculated to 
estimate the average daily metal accumulation in a consumer 
for specified bodyweight, without taking into account the 
possible metabolic excretion of the metal. The DIM was 




Age (years old) 21 67  
Body weight (kg) 39 90 60 
Estimation of weight of prawns 
intake daily (g/d y) 
50 300 150 
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metabolic excretion of the metal. The DIM was calculated based on Equation (1) given by 
Islam et al. (2017). 
DIM =  Kconversion factor  ×  Cmetal  ×  Daverage prawn intake  Baverage body weight    …(1) 
where Kconversion factor = Conversion factor of 0.1455 was used based on the moisture content of 
the samples (Islam et al. 2017); Cmetal = Metal concentration in prawns (µg/g); Daverage prawn intake 
= Average daily intake of prawns by the local residents around Sarawak River (150 g/day,  
Baverage body weight = Average body weight (60 kg, (Table 2). This intake figure includes all modes 
of prawn meals.   
The health risk index (HRI) was calculated using the equation (2) as in Cui et al. (2004). 
HRI =  DIMRfD          …(2) 
where DIM = Daily intake of metal (µg/kg/day); RfD = Oral reference dose established by 
USEPA. If the HRI value is larger than 1 for any metal in food from oral consumption, it means 
that the consumer population was at a potential health risk. The calculation of HRI was 
depended on the DIM value and the oral reference dose established by USEPA (1994, 2001), 
where the RfD values for Cd was 0.83 µg/kg/day, Cu was 500 µg/kg/day, Zn was 1000 
µg/kg/day and Hg was 0.10 µg/kg/day. For Co, there was no established reference value given 
by USEPA, therefore an RfD value of 30 µg/kg/day for Co (Finley et al. 2012) was used in this 
study.  
The hazard index (HI) was used to estimate the potential human health risks upon 
consuming more than one metal, where the HI is the sum of the HRI derived from the prawns, 
as shown in Equation (3): 
HI =  ∑ HRI = HRICd + HRICo + HRICu +  HRIZn + HRIHg  …(3) 
where HRICd, HRICo, HRICu, HRIZn, HRIHg are the health risk indexes as calculated in Equation 
(2) or also known as hazard quotients for Cd, Co, Cu, Zn, and Hg, respectively. It is assumed 
that the HI value larger than 1 will give adverse effects on human health due to the multiple 
metal exposures. 
All metal concentrations data were expressed in mg/kg of the flesh weight (wet weight) 
…(1)
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where DIM = Daily intake of metal (µg/kg/day); RfD = Oral 
reference dose established by USEPA. If the HRI value is 
larger than 1 for any metal in food from oral consumption, it 
means that the consumer population was at a potential health 
risk. The calculati n of HRI was depended on t  DIM value 
and the oral reference dose established by USEPA (1994, 
2001), where the RfD values for Cd was 0.83 µg/kg/day, 
Cu was 500 µg/kg/day, Zn was 1000 µg/kg/d y and Hg was 
0.10 µg/kg/day. For Co, there was no established reference 
value given by USEPA, therefore an RfD value of 30 µg/
kg/day for Co (Finley et al. 2012) was used in this study. 
The hazard index (HI) was used to estimate the potential 
human health risks upon consuming more than one metal, 
where the HI is the sum of the HRI derived from the prawns, 
as shown in Equation (3):
 HI = SHRI = HRICd + HRICo + HRICu + HRIZn + HRIHg  
  …(3)
where HRICd, HRICo, HRICu, HRIZn, HRIHg are the health 
risk indexes as calculated in Equation (2) or also known as 
hazard quotients for Cd, Co, Cu, Zn, and Hg, respectively. It 
is assumed that the HI value larger than 1 will give adverse 
effects on human health due to the multiple metal exposures.
All metal concentrations data were expressed in mg/kg 
of the flesh weight (wet weight) ± standard deviation (mg/
kg FW). The variations between metals content in different 
body parts of the prawns and their size and gender were tested 
by two-way ANOVA, while variations of total length and 
total weight were tested by t-test. The Pearson’s Correlation 
and linear regressions were used to compare the correlation 
of metals in muscle, exoskeleton and gill of M. rosenbergii. 
In all cases, the level of significance was set at α = 0.05. 
The stati tical analyes were performed by using SPSS for 
Windows Version 22.
RESULTS AND DISCUSSION
The obtained values and metals recovery of Cd, Co, Cu, Zn 
and Hg are given in Table 3, which suggest the efficiency 
of the chelation methods used.
The allometric length-weight relationship of the M. 
rosenbergi was done using the Equation 4 as provided by 
Rocha et al. (2015):
Table 2: Feedback from the respondents (n = 100; male: 46 persons, female 
54 persons) from the survey of daily consumption of M. rosenbergii by the 
residents nearby the Sarawak River
Parameters Minimum Maximum Average
Age (years old) 21 67
Body weight (kg) 39 90 60
Estimation of weight of prawns 
intake daily (g/day)
50 300 150
Table 3: The heavy metals recovery of Cd, Co, Cu, Zn and Hg in LUTS-1 
and MASS-4.








Cd 14.2 ± 1.0 12.9 ± 0.6 91 ± 4
Co 0.34 ± 0.04 0.37 ± 0.06 109 ± 4
Cu 107 ± 8 116 ± 11 108 ± 7
Zn 82.9 ± 2.2 86.4 ± 3.5 104 ± 5
Hg (µg/kg) 16.7 ±2.2 14.1 ± 1.5 84 ± 6
MASS-4
(mg/kg)
Cd 0.28 ± 0.04 0.31 ± 0.03 110 ± 2
Co 13.0 ± 0.8 11.8 ± 1.3 91 ± 6
Cu 32.9 ± 1.8 35.1 ± 1.2 106 ± 3
Zn 147 ± 6 155 ± 9 105 ± 5
Hg 0.09 ± 0.04 0.07 ± 0.02 107 ± 6
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 W = aLb  …(4)
where W = weight; L = length; a = regression intercept; b = 
slope. Therefore, by performing logarithmic transformations, 
the linear relationships could be represented by the equation 
W = 0.00393L3.305 (R2 = 0.939). 
Heavy Metal Concentrations in M. rosenbergii
The concentrations of heavy metals in gill, exoskeleton and 
muscle of M. rosenbergii are given in Table 4. 
The distribution of heavy metals in the body parts of M. 
rosenbergii, collected from the Sarawak River, followed this 
trend: Zn > Cu > Co > Cd > Hg. In general, the concentra-
tion order of heavy metals in the body parts was found to be 
gills > exoskeleton > muscle. The results showed that there 
was no significant difference (P > 0.05) between male and 
female M. rosenbergii. Overall, all the samples contained 
heavy metal concentrations below the permissible limits 
of Joint FAO/WHO Expert Committee on Food Additives 
(JECFA 2012) for human consumption (Cd < 2 mg/kg; Cu 
< 30.00mg/kg; Zn < 150 mg/kg; Hg <1 mg/kg). Our heavy 
metal concentrations were also lower than the permitted 
values for Cu (< 30 mg/kg), Zn (< 100 mg/kg), and Hg (< 1 
mg/kg) set by the Malaysian Food Regulations (1985), except 
low difference was recorded for Cd (< 1 µg/g). However, no 
safe limits were recorded for Co in both JECFA (2012) and 
Malaysian Food Regulations (1985), hence, no comparisons 
could be made in this study.
Cd, Co, Cu, and Zn concentrations in gills were positive-
ly correlated (r2 > 0.500) to the total length of the prawns 
(Fig. 2) and were significant (P < 0.05). The positive relation-
ship of heavy metal accumulation in organisms was often as-
sociated with their long time exposure to contaminants (Idrus 
et al. 2018, Elahi et al. 2012). Heavy metals can accumulate 
in prawn body parts which may transfer the chemical com-
position from one trophic level to another in the food chain, 
thus, giving human health a negative effect. Heavy metals 
were usually taken from the environment such as sediment by 
the prawns, then, distributed by circulation and subsequently 
accumulated in target organs, for example, gills. 
In this study, the highest concentrations of all heavy 
metals were found in the gills. Gills are metabolically 
active body parts in the prawn and have a high tendency to 
accumulate heavy metals. This is due to the position and 
function of gills in which located as the starting points of 
heavy metals absorption and their function as the excretion 
site of contaminants from the body (Stanek et al. 2014). 
Moreover, gills are the primary target when crustaceans 
are exposed to waterborne pollutants, as gills are the major 
route for metal uptake (Seogianto et al. 2013, Fonseca et 
al. 2016). The concentration of Cd in M. rosenbergii in this 
study (1.51 ± 0.06 mg/kg) was lower than Penaeus semisul-
catus from Jazan (6.33 ± 2.08 mg/kg) (Gendy et al. 2015), 
with the main source of Cd at their study sites was from the 
agricultural activities. However, their concentrations for 
Zn (24.00 ± 7.80 mg/kg), Cu (3.00 ± 1.00 mg/kg), and Co 
(0.33 ± 0.10 mg/kg) in the prawns’ gills were lower than 
our study. In comparison with the range concentrations 
of Cu (140.6-423.1 mg/kg), Cd (18.10-38.07 mg/kg) and 
Zn (125.5953.4 mg/kg) in Penaeus semiculatus gills from 
Table 4: Average concentrations of heavy metals (mg/kg wet wt) in different body parts of M. rosenbergii collected from the Sarawak River, and the 
safety limits (mg/kg wet wt)




















































n.a. is not available, due to the concentrations were below the detection limit of the particular metals; NS, not specified; JECFA: Joint FAO/WHO 
Expert Committee on Food Additives; MFR: Malaysian Food Regulations
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parts which may transfer the chemical composition from one trophic level to another in the 
food chain, thus, giving human health a negative effect. Heavy metals were usually taken from 
the environment such as sediment by the prawns, then, distributed by circulation and 































































































Fig. 2: Relationship between Cd, Co, Cu, 
Zn, Hg concentrations (mg/kg) and the 
total length (cm) of M. rosenbergii in 
muscle (red diamond), exoskeleton (green 
circle) and gills (blue triangle) from 
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Fig. 2: Relationship between Cd, Co, Cu, 
Zn, Hg concentrations (mg/kg) and the 
total length (cm) of M. rosenbergii in 
muscle (red diamond), exoskeleton (green 
circle) and gills (blue triangle) from 
Sarawak River.  
Fig. 2: Relationship between Cd, Co, Cu, Zn, Hg concentrations (mg/kg) and the total length (cm) of M. rosenbergii in muscle (red diamond), exoskel-
eton (green circle) and gills (blue triangle) from Sarawak River.
Yumurtalik, Turkey,our values (Cu: 21.58 ± 4.58 mg/kg; 
Cd: 1.53 ± 0.06 mg/kg; Zn: 59.17 ± 12.13 mg/kg) were very 
much lower than them. Meanwhile, Mostafiz et al. (2020) 
obtained very high concentrations of Cu (83.94 ± 18.32 mg/
kg) and Zn (211.57 ± 42.09 mg/kg) in cephalothorax area 
(including gills) of wild M. rosenbergii in selected rivers of 
Chittagong and Chandpur, Bangladesh, as compared to this 
study, due to polluted rivers with heavy metals. 
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Cu and Zn were also recorded higher in exoskeleton and 
muscle, with slightly positive (P < 0.05) relationship (Fig. 
2) shown in comparison with their total length. Zn is an es-
sential metal for prawn and important in immune function, 
reproduction and body growth. Zn can reduce the adverse 
effect of phytic acid on the growth of prawns (Litopena 
vannamei) and also can increase the availability of macro 
minerals and micro minerals in the prawns (Bharadwaj et al. 
2017). Zn also acts as a co-factor in many enzyme systems 
and essential component for metalloenzymes. It also involves 
in the signaling of molecules, DNA replication and repairing 
of the prawn cells, hence, increasing the survival rate of M. 
rosenbergii (Thirunavukkarasu et al. 2019). The increase of 
Zn concentration in the muscle occurred simultaneously by 
low concentration in the exoskeleton, suggesting a dynamical 
exchange of Zn between these two body parts. However, Cu 
concentrations were about the same in the exoskeleton and 
the muscle because Cu is known as one of the important 
components in the respiratory pigment haemocyanin and Cu 
is needed to trigger the enzymes and respiratory proteins. Cu 
and Zn in the prawn diet is a crucial route of accumulation in 
their body, particularly the muscles. High accumulation of Cu 
and Zn in muscles and exoskeleton can increase over time. 
Moreover, M. rosenbergii spends much of their time partially 
buried in the soft sediment and this may be the reason for the 
high Cu and Zn accumulation in prawns. It was in agreement 
with relatively high concentrations of Zn (84.54 ± 10.22 mg/
kg) and Cu (22.47 ± 3.90 mg/kg) in the sediment samples 
from the Sarawak River (Table 5). Our Cu concentrations 
in the M. rosenbergii muscles were nearly in the same range 
(19.35-34.23 mg/kg) for P. semiculatus muscles (Aytekan 
et al. 2019). However, their values (37.43-61.42 mg/kg) for 
Zn in the prawn muscles were higher than ours (10.87-13.76 
mg/kg) (Aytekan et al. 2019). Our Zn and Cu values in the 
muscles were lower than the values obtained by Mostafiz 
et al. (2020) in their wild and farmed M. rosenbergii. Tu et 
al. (2008) also found higher concentrations of Cu and Zn in 
their M. rosenbergii muscles and exoskeletons.
Cd was recorded in the exoskeleton and muscle of our 
prawn samples. Statistically, the Cd concentrations in muscle 
and exoskeleton did not show a significance difference (P > 
0.05). However, the relationship between total length and Cd 
concentration was slightly negative (r2 = 0.2968) in muscles. 
There was no clear reason that the smaller size of prawns 
has accumulated more Cd in their muscles, while sediment 
samples did not contaminate with Cd (1.17 ± 0.02 mg/kg, 
Table 5). Cd concentrations in muscles and exoskeletons in 
this study were higher than the values obtained by Tu et al. 
(2008). On the other hand, our values were lower than Cd 
values reported by Islam et al. (2017) in both muscles and 
exoskeletons of their M. rosenbergii samples from Bagerhat, 
Bangladesh. In general, heavy metal content in exoskeletons 
and muscles may be reduced in the process of moulting where 
it involves the shedding of the hard chitinous exoskeleton 
layer, replaced by a new layer during the active grow (Stanek 
et al. 2014) and increasing new muscles. Therefore, the 
accumulation pattern of heavy metals in the exoskeleton 
and muscle of M. rosenbergii is hard to understand. Several 
factors such as diet, changes in metabolic rate, the hormonal 
and reproductive status may also influence metal accumula-
tions in different sex of crustaceans (Idrus et al. 2018, Elahi 
et al. 2012).
The Hg concentration was not available for muscle and 
exoskeleton because it was below the detection limit of 
the FIMS. The gill was the only body part that contained a 
detectable concentration of Hg which was 0.125 ± 0.024 mg/
kg in male and significantly higher (P < 0.05) than in female 
(0.107 ± 0.033 mg/kg). This lower Hg level may be due to 
their developed ability to excrete toxic elements from their 
body (Pourang et al. 2004). As the bioaccumulation process 
takes place through the absorption of metals via various 
routes including dietary and ambient environment (Arnot & 
Gobas 2006), metal contents in the body of M. rosenbergii 
might be higher than in the surrounding environment.
Bioaccumulation Factor
Bioaccumulation factor (BAF) was calculated to assess 
the evolution of metals in different body parts of prawn 
samples collected from Sarawak River. BAF is the ratio of 
the concentration of contaminants in relation to its habitat 
environment (sediments). In this study, BAF was calculated 
as the ratio of metal concentrations in prawn and sediment 
samples using Equation 5 (Santoro et al. 2009).
 BAF = MBody part/ Msediment …(5)
where MBody part is metal concentration in M. rosenbergii 
body parts, Msediment is metal concentrations in sediment. 
If the BAF value was below 1, it may indicate that 
bioaccumulation was low and below the safety limit in our 
prawn samples, and if the BAF value was more than 1, it is 
described as an increase of heavy metals level beyond the 
threshold (Anani & Olomukora 2019). The BAF values for 
Table 5: The concentrations (mg/kg) of heavy metals in the sediment of the Sarawak River.
Cd Co Cu Zn Hg
Sediment 1.17 ± 0.02 6.89 ±  0.93 22.47 ±  3.90 84.54 ±  10.22 0.05 ±  0.01
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all body parts of M. rosenbergii are presented in Table 6. 
Our results reveal that Cd, Co and Hg are bioaccumulative 
in prawn (female and male) gills, as related to the sediment 
concentrations. These results indicate that Cd, Co and Hg are 
more easily available than other metals. The bioavailability 
could be controlled by metals speciation, food chain, 
physicochemical factors, particulate matter, organic carbon 
content and cation exchange capacity (Monikh et al. 2015). 
In this study, it also showed higher BAF values of heavy 
metals occurred in the gills and due to this, organ is known 
as the target organ for detoxification and circulation of 
heavy metals. Since Cu and Zn are required by prawns for 
their biological processes, these metals were distributed in 
their whole body, thus, leaving only residue quantity in the 
target organ (gill) (Monikh et al. 2015). The present study 
also showed that BAF values were slightly higher in male 
prawns, due to their larger size compared to female prawns. 
In comparison with the previous study in Kerang River (Idrus 
et al. 2018), the BAF value of Cu in male prawns’ muscle was 
lower than this study, but recorded higher Cu BAF value in 
the exoskeleton.  The BAF of Cd value from the present study 
was considerably higher than the value in M. rosenbergii 
from the Mekong River Delta (Tu et al. 2008). However, 
a relatively lower concentration of Cd was recorded in the 
exoskeleton of their younger prawns compared to adults can 
be related to the lower frequency of the moulting process 
(Kouba et al. 2010).
Human Health Risk Assessment
The DIM value was calculated considering the average metal 
content and daily intake of giant freshwater prawns eaten, 
either as a whole prawn or as ingredients in their meal. The 
DIM for the present study is given in Table 7. In this study, 
the DIM values for Cu (2.29 µg/kg body weight per day), Zn 
(9 µg/kg body weight per day), Cd (0.32 µg/kg body weight 
per day), and Hg (0.015 µg/kg body weight per day) were 
less than the provisional maximum tolerable daily intake 
(PMTDI) values set by JECFA (2012) for Cu (500 µg/kg 
body weight per day), Zn (1000 µg/kg body weight per day), 
Cd (1 µg/kg body weight per day), and Hg (60 µg/kg body 
weight per day). According to this finding, therefore, it can 
be concluded that the local population was safe from the 
health risk from ingestion of these metals.
The food chain is the most important pathway of heavy 
metals to humans, which could lead to significant human 
health risk. Considering the health risk of metals through 
dietary oral intake of the M. rosenbergii in Sarawak River, it 
is, therefore, useful to estimate the exposure level to humans 
in every element to oral RfD. The HRI associated with the 
individual elements of Cd, Co, Cu, Zn and Hg due to prawn 
consumption was calculated as given in Table 7. The highest 
HRI value was recorded in Cd (0.39), and the lowest value 
from Cu (0.002) for adults’ consumption. Crustaceans and 
shellfish are natural accumulators of Cd, especially if they 
Table 6: The BAF values of Cd, Co, Cu, Zn and Hg in different body parts of M. rosenbergii in the Sarawak River, related to the sediment concentrations.
Sex Body part Cd Co Cu Zn Hg 
Female Muscle 0.43 ± 0.04 N.A 0.30 ± 0.10 0.13 ± 0.01 N.A
Exoskeleton 0.49 ± 0.20 0.58 ± 0.15 0.34 ± 0.14 0.09 ± 0.008 N.A
Gill 1.29 ± 0.05 2.00 ± 0.18 0.76 ± 0.09 0.62 ± 0.09 2.20 ± 0.60
Male Muscle 0.39 ± 0.07 N.A 0.45 ± 0.17 0.16 ± 0.03 N.A
Exoskeleton 0.68 ± 0.51 0.82 ± 0.34 0.47 ± 0.24 0.08 ± 0.04 N.A
Gill 1.31 ± 0.05 2.20 ± 0.12 0.96 ± 0.20 0.70 ± 0.14 2.60 ± 0.40
N.A is not applicable as no value was obtained in the respective body parts
Table 7: The calculated daily intake metal (DIM, µg/kg/day), health risk index (HRI) and hazard index (HI) values for heavy metals from the Sarawak 
River, and the provisional maximum tolerable daily intake (PMTDI, µg/kg/day).
Kconversion factor Daverage prawn intake (g/day) Baverage body weight (kg) Metals Cmetal
(µg/g)
RfD DIM PMTDI HRI HI
0.1455 150 60 Cd 0.89 0.83 0.32 1 0.39 0.69
Co 11.83 30 4.30 - 0.14
Cu 6.31 500 2.29 500 0.002
Zn 24.76 1000 9.00 1000 0.009
Hg 0.04 0.1 0.015 60 0.15
Kconversion factor is followed Islam et al. (2017), Daverage prawn intake is average daily intake of M. rosenbergii of the local residents near Sarawak River;  
Baverage body weight is average body weight of the local residents near Sarawak River; Cmetal is average metal concentrations; RfD (µg/kg/day) is oral  
reference dose established by USEPA (1994, 2001), PMTDI (JECFA 2012). 
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are exposed to the polluted environment with those metals 
such as sediment. In this study, the concentration of Cd in 
the sediment was 1.17 ± 0.02 mg/kg.  M. rosenbergii is an 
example of some freshwater decapods that are bottom feed-
ers, thus, they are at risk to concentrate more heavy metals 
than surface feeder prawns (Anani & Olomukoro 2019). 
Accumulation of Cd in the human body may cause Parkin-
son’s and Wilson’s diseases (Hossen et al. 2015). Children 
also are at risk to have lower IQ and experience interference 
in the nervous system as Cd tend to accumulate in the cho-
roids plexus in brain tissues, where the blood-brain barrier 
was absent in the young age (Wang & Du 2013). Besides, 
it has been observed that Cd can be stored for a long time 
in the kidney, which can lead to tubular necrosis (Rehman 
et al. 2018). The accumulated metals in the M. rosenbergii 
was measured as the HI, based on the HRI. If the HI value 
was more than 1, it is considered hazardous to human health. 
In this study, the HI value was 0.69, indicating that prawns 
from Sarawak River are still safe for human consumption 
and has lower health risk.
CONCLUSION
In conclusion, the concentrations of Cu, Zn and Hg in M. 
rosenbergii from the Sarawak River were within the per-
missible limits of JECFA and Malaysian Food Regulation, 
except for Cd, which was slightly higher than the recom-
mended value by the Malaysian Food Regulation. There 
is a need to establish a safety limit for Co to ensure that a 
comparison can be made. The concentrations of Cd, Cu, Co, 
Zn and Hg were significantly correlated to their total body 
length, therefore, it was expected that bigger prawns could 
possess a higher concentration of metals in their body parts. 
Health hazard risks for most of the heavy metals were low; 
therefore, M. rosenbergii from Sarawak River were safe to 
be consumed in a considerable amount regularly.
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